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This paper is the account of an enquiry into
the way in which certain non-specific factors may
modify delayed immune hypersensitivity re-
actions in the skin. It has been suggested that
the effects on the tuberculin reaction of such
diverse pharmacological agents as adrenaline
and histamine are due to changes in the amount
of antigen retained in the skin: the wheal-
producing effect of histamine for example, is
thought to enhance the rate of disappearance of
antigen from the site of injection (6). If this
view is correct, the effect of histamine on the
tuberculin reaction should be prevented by
arterial occlusion, which abolishes whealing.
The depression of the tuberculin reaction during
pyrexial diseases (3) has likewise been attributed
to reduced "local fixation" of antigen (6).
Bacterial pyrogen also stimulates pituitary
secretion of corticotrophin (7), and corticosteroids
inhibit the tuberculin reaction (2). To investigate
the possibility that inhibition of the tuberculin
reaction during pyrexial illness might be due to
pituitary-adrenal stimulation, tuberculin was
injected into patients given pyrogen and SU
4885 (Ciba). SF 4885 is an 11-s hydroxylase
inhibitor of adrenal corticosteroid synthesis and
secretion of corticotrophin due to the pyrogen
would therefore result in production of compound
S in the adrenal instead of cortisol. Since com-
pound S has only trivial anti-inflammatory
activity, the effects of pyrexia can in this way
be dissociated from the effects of any consequent
adrenal stimulation.
MATEETALS AND METHODS
Subjects
The experiments were done in male and female
patients under treatment for various skin dis-
orders. Injections were made into normal skin on
the flexor side of the forearms.
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Materials
Tuberculin. 0.1 ml of Old Tuberculin was in-jected intradermally in various dilotions. The
area of induration was measured in two directions
48—72 hours after the injection and the mean was
taken.
Histamine acid phosphate was used in a con-
centration of 1/1000 and 1/100 (1/3000 and 1/300
histamine base).
"Coomassie Blue" (I.C.I.) was injected intra-
dermally in 0.1 ml volumes of a 4% solution.
Pyrexia was induced by an intravenous injec-
tion of bacterial pyrogen (Organon) in a dose of
0.005 pg/kg (7).
SF 4885 (Ciba), an 11-fl hydroxylase inhibitor,
was given orally 4-hourly, in six 750 mg doses,
beginning 4 hours before administration of the
pyrogen.
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Methods
1. Pyrogen. The reaction to a suitable dose of
tuberculin was measured, and this was repeated
several days later, with the same dose of
tuberculin injected during an induced pyrexia.
Pyrogen was injected 1 hour before the tuberculin,
because the onset of adrenal stimulation is 1—2
hours after injection of the pyrogen (7). In another
group of patients several days after measuring the
response to tuberculin, the same dose was again
injected one hour after the pyrogen and during
administration of SF 4885.
2. Histamine and arterial occlusion. A cuff was
inflated around the left upper arm at 200 mm Hg.
Four intradermal injections of 0.1 ml tuberculin,
or 5% fluorescein, or 4% Coomassie Blue were
made, two into the flexor aspect of each forearm,
one about 4" below the other. 0.1 ml 0.9% NaCI
was injected immediately into the upper two blebs
(one in each arm) and 0.1 ml 1/1000 histamine acid
phosphate was injected into the lower two blebs.
The cuff was released thirty minutes later. The
tuberculin reactions were measured 48—72 hours
later. The sites of injection with fluorescein were
compared at intervals under a Wood's light. The
arms were also compared at intervals by naked
eye until the Coomassie Blue had disappeared.
Results
1. Pyrogen: The effect of pyrogen on the
tuberculin reaction is shown in figure 1. There
was a reduction in the size of the tuberculin
reaction in all five patients. This effect of pyrogen
was abolished by treatment with SF 4885 in
four of the five patients (figure 1). This was not
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injected sites on this arm. On the right (circula-
tion-free) arm, however, there was already
appreciably less fluorescence from the histamine
injected site. Arterial occlusion completely
blocked this effect of histamine for 1—2 hours,
after which time there was less fluorescence
compared with the saline injected control site on
the left arm.
When the arms were examined twelve hours
after injection of Coomassie Blue it was found
that the spread of the dye had been enhanced
by histamine, but that there was no difference
between the spread in the control and arterially
occluded limbs: the area of blue staining was on
average 5 mm wider and 20 mm longer at the
histamine injected sites than at the saline in-
jected sites in both right and left arms. By
contrast with the results with fluoresccin, his-
tamine delayed the disappearance of Coomassie
Blue in all 7 patients. The skin was free of the
dye at the saline injected site in 1 to 2 days and
in 2 to 3 days at the histamine injected site in
both arms.
The effect of histamine on the tuberculin
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FIG. 1. The effect of pyrogcn, SIJ 4885 and pyro-
gen plus SU 4885 on the tuberculin reaction. In
each column the points on the left are the control,
pre-treatment responses.
due to a direct effect of SU 4885 on the tuberculin
reaction because it was not seen when SU 4885
was given alone (figure 1).
2. Histamine: The aim of arterial occlusion
was to blcck or restrict whealing and the en-
hanced spread and absorption of tuberculin
which has been thought to result from the
histamine whcal. Arterial occlusion did inhibit
whealing while the cuff was in position and also
when it was released, as was first shown by
Lewis (5). When the occluding cuff was released
on the left arm, whealing occurred in only 6 of 26
patients injected with 0.1 ml 1/1000 histamine
acid phosphate (0.1 mg) but in these six it was
considerably less than in the control arm (right),
the circulation of which had not been disturbed.
Although the arterioles were refractory to his-
tamine the axon-reflex flare was intact in all of
the patients.
The effect of blocking the wheal by arterial
occlusion on the ability of histamine to promote
spread and absorption of fluorescein and Co-
omassic Blue was next studied. Five patients
were injected with 5% fluorescein. When the
arterial occlusive cuff was removed from the
left arm there was no difiercnce in fluorescence
between the saline injected and histamine
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FIG. 2. The effect of histamine on the tuberculin
reaction on the right arm with a normal circula-
tion and on the left arm with arterial occlusion.
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reaction was next studied by comparing the
response with and without arterial occlusion.
The results are shown in figure 2. The area of
induration increased in four of the patients
superinjected with histamine and decreased in
six. Where the area of induration was increased,
it was nevertheless less tense and it approximated
to the area of erythema. It can be seen from
figure 2 that the effect of histamine was related
to the size of the reaction without histamine,
the critical size ranging from 15—20 mm. Above
this the area of induration was increased by
histamine, and below it, the area was decreased.
The effect of occluding the circulation for 30
minutes is also shown in figure 2. There was no
difference between the saline injected sites in
both arms and the effect of histamine was the
same in the circulation-free (right) arm. It was
noted that whealing occurred in the left arm
after release of the cuff in three of the four
subjects in whom the response to tuberculin
was enhanced by histamine, whereas there was
only slight whealing in one of the patients in
whom the reaction was depressed.
DI5CU55TON
The present observations are that pyrexia
induced by bacterial pyrogcn reduces the tuber-
culin reaction as does pyrcxia due to bacterial
infection (3). This effect of pyrexia has been
attributed to reduced "local fixation" of tuber-
culin in the skin (6), that is to a more rapid
absorption of the antigen. Our findings suggest a
different explanation. There is a pituitary-
adrenal activation during acute infections and
this can be reproduced by intravenous injection
of bacterial pyrogen (7). In our experiments the
effects of pyrcxia which are due to stimulation
of secretion of hydrocortisone can be dissociated
from those, which are not related to this hor-
mone, by comparing the effects of pyrexia with
and without blockade of synthesis of hydro-
cortisone. Since the depressant effect of pyrexia
on the tuberculin reaction can be blocked by
SlIT 4885 it seems likely that the mechanism of
action of the pyrexia is by pituitary-adrenal
stimulation.
The effect of histamine on the tuberculin
reaction is less easily explained. The dual action
of histamine, the larger tuberculin responses
being enhanced and the smaller inhibited, could
be due to the well-known ability of histamine to
enhance the spread of injected substances (1).
If antigen is present in a concentration which
will produce only a small reaction further spread
will reduce its concentration to below the critical
level required to initiate a response. Conversely
relatively large doses of antigen will still be
capable of eliciting a response although the tissue
concentration is reduced by spreading. The
enhanced response to tuberculin superinjected
with histamine, which was seen in some of the
patients, is in keeping with this view, since the
increased area of induration was less tense than
the saline injected tuberculin sites.
The spreading effect of histamine has been
attributed to the wheal (6), and increased size
of the tuberculin reaction on the arterially oc-
cluded limbs of some of the patients in the
present experiments may have been due to failure
of arterial occlusion to inhibit the wheal com-
pletely. This is, however, only part of the ex-
planation since increased spread and absorption
of fluorescein and spread of Coomassie Blue was
seen when wheal formation had been completely
blocked by arterial occlusion. Further investiga-
tion will be required to distinguish between a
true hyalasc-like activity of histamine and
enhanced lymphatic absorption (1). It is clear,
moreover, that increased spread and increased
absorption do not necessarily go together. Thus,
although Coomassie Blue is spread by histamine
its absorption is delayed by histamine. Coomassie
Blue is bound to plasma protein and it may well
be that the protein-rich exudate produced by
histamine retards absorption of the dye. Since
it is not known whether tuberculin behaves more
like Coomassie Blue or fluorescein in this respect
the effect of histamine on "local fixation" of
tuberculin cannot easily be deduced from the
behaviour of these dyes.
Pepys (6) has shown that the inhibitory effect
of histamine on the tuberculin reaction is greater
the earlier the histamine is injected, and
that histamine does not have this effect if in-
jected 1—2 hours after the tuberculin. In this way
it was shown that most of the antigen had been
"fixed" by 30 minutes after its injection, and
"fixation" was apparently complete by 1—2
hours. In the present experiments it would
therefore be anticipated that when the arterial
cuff was released after 30 minutes, most of the
tuberculin would already have been fixed.
Furthermore, this procedure prevented or
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considerably reduced whealing when the cuff
was removed; it also inhibited the spread of
injected fluorescein for 1—2 hrs. If, therefore, the
currently accepted view that tuberculin "fixa-
tion" is virtually complete by this time is correct,
it must be concluded that the action of histamine
is in part unrelated to any effect on spread and
absorption of antigen. What then could this
action of histamine be? Histamine has no effect
on the tuberculin reaction if injected several
hours after the tuberculin and indeed accumu-
lates at the site of injection in about 3—6 hours
(4). This critical importance of timing suggests
that histamine may perhaps act on some function
concerned with initiation of the tissue response
to antigen. It must be pointed out, however,
that this hypothesis depends upon external
evidence as to the timing of tuberculin "fixation".
An equally valid interpretation of the present
observations would therefore be that tuberculin
was not "fixed" in the skin for 1—2 hours after
its injection, and that the effect of histamine on
the tuberculin reaction was not related to wheal-
ing but to enhanced spread of antigen.
5UMMAET
The effect of pyrogen-induced pyrexia and of
histamine on the tuberculin reaction has been
studied.
1. Bacterial pyrogen-induced pyrexia reduces
the tuberculin reaction. This does not occur if
adrenal synthesis of cortisol is blocked by an
11-fl hydroxylase inhibitor.
It is concluded that pyrogen acts by pituitary-
adrenal stimulation.
2. Histamine increases the size of large tuber-
culin reactions and reduces the size of smaller
reactions. The factors responsible for this have
been analyzed, using fiuorcscein and Coomassie
Blue to trace spread and absorption, and using
the technic of arterial occlusion to block wheal
formation. The independence of whealing, spread
and absorption of dyes is demonstrated. The
action of histamine on the tuberculin reaction
is independent of whealing and is not modified
by arterial occlusion.
It is concluded that the effect of histamine is
in part related to increased spread of antigen
but may also be due to an effect on some function
concerned with initiation of the immune response.
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